We report the development of a new method for calculating positron observables using a finite-element approach for the solution of the Schrodinger equation. This method combines the advantages of both basis-set and real-space-grid approaches. The strict locality in real space of the finite element basis functions results in a method that is well suited for calculating large systems of a thousand or more atoms, as required for calculations of extended defects such as dislocations. In addition, the method is variational in nature and its convergence can be controlled systematically. The calculation of positron observables is straightforward due to the real-space nature of this method. We illustrate the power of this method with positron lifetime calculations on defects and defect-free materials, using overlapping atomic charge densities.
This need has prompted us to develop a new method for calculating positron observables based on a finite-element (FE) approach which combines the favorable properties of both basis-set and real-space-grid approaches. This method is capable of treating very large systems of thousands of atoms with arbitrary accuracy. The method is a full-potential approach that makes no approximations to the shape of the positron potential, in contrast to ASA-based approaches like the LMTO. In this paper, we present a brief description of this method together with results of calculations on positron distributions and lifetimes in elemental metals, vacancies, and ordered pure and potassium-doped fullerenes. Our results demonstrate that this new method is very well suited for positron calculations and already provides reliable results for very large systems.
Method
The finite element method has a long history of success in diverse applications ranging from civil engineering to quantum mechanics [8, 9] . There have been a number of applications to the electronic structure of atoms and molecules [lO,ll] Table 1 , together with FE results using the GGA potential. The FE-LDA approach yields lifetimes that are in very good overall agreement with the LMTO method, although they tend to be slightly longer by about l-5 ps. This may be due to differences in the calculational details: the FE calculations are nonself-consistent while the LMTO calculations are based on self-consistent charge densities, and the FE calculations make no approximations to the shape of the potential while the LMTO calculations use the ASA. The calculations were performed for 4x4x4-, 6x6x6-, and 8x8x8-element meshes. In all cases the calculated lifetimes were essentially converged for the 4x4x4 calculation, with changes in lifetimes of less than 0.5% and typically on the order of 0.1% with increasing numbers of elements. The most highly converged calculations (8x8~8) are reported in Table 1 .
The GGA results in Table 1 are in reasonable agreement with the calculations of Ref. [4] which used the same GGA functional within a finite difference method based on atomic superposition.
There is excellent agreement for many of the elements, but there are significant differences for some transition metals which may be due to the choice of electronic configuration in the atomic calculations. Ref.
[4] used atomic ground state configurations while the present calculation used configurations that more closely reflect the electronic structure of the solid.
The overall agreement is still very good and confirms the accuracy the method for positron lifetime calculations. 
Positrons in potassium-doped fullerenes
The FE method has three significant advantages over our previous LMTO-ASA method. First, it is capable of treating very large systems, as illustrated by the 863-atom unit cell calculations for an Al monovacancy. Second, it is well suited for treating open structures where the atomic sphere approximation may give a poor description of the electron and positron charge distributions. Third, it provides a full three-dimensional representation of the positron distribution in real space, in contrast the the LMTO which distorts the representation of space through the atomic sphere approximation. All three of these advantages are illustrated here by a set of positron calculations on the low temperature structure of solid C60
with and without potassium doping.
Solid C60 fullerene forms a face-centered cubic structure at higher temperatures with the carbon fullerene molecules randomly oriented with respect to each other. At lower temperatures, the molecules orient to form a simple cubic structure consisting of four C60 molecules to give a 240 atom unit cell. Potassium doping first fills the octahedral sites between the fullerene molecules (KC60) and with increasing doping, the tetrahedral sites are also occupied by potassium atoms (K3C60), resulting in a compound that exhibits high temperature superconductivity[l9]. Puska and Nieminen [20] have performed positron calculations on this system using a finite difference method [17] . They used a simplified structure for the C60 orientation so that they could treat the system as face-centered cubic with a single fullerene molecule. We compare their results with our calculations based on the larger 240-atom simple cubic structure. Figure Captions 
